Five crossbred steers (347 kg) were surgically fitted with rumen fistulae, hepatic portal, abdominal aorta and mesenteric catheters to measure organic acid absorption from the gut during acute [intraruminal glucose, 12 g/kg body weight (G)] or subacute lad libitum 70% concentrate diet (C)] acidosis. Samples were taken at time O, then every 2 h for 48 h after a switch from an alfalfa diet to C, or dosing with G. Steers receiving C received G 1 wk later so that five steers provided four observations/ treatment. Blood flow rates were determined by infusion of para-amino hippuric acid (PAH) and averaged 767.8 and 712.5 liters/h for C and G, respectively. Animals consuming C averaged 13.6 kg dry matter from 0 to 24 h and 1.5 kg from 24 to 48 h. Rumen pH declined to 4.2 for G compared with 6.0 for C. Blood pH and HCO3 showed only slight depressions for G from 16 to 26 h, the period of lowest rumen pH. Rumen L-lactate concentration averaged 53.4 mM (peak 77 mM) and 2.1 mM for G and C, respectively. Rumen Dqactate concentration averaged 30.2 mM (peak 47 m/Vi) for G and 1.2 mM for C. Net portal absorption of L-lactate averaged 96.6 and 164,4 mmol/h, whereas that of Dqactate averaged 10.5 and 71.8 mmol/h for C and G, respectively. Mean net portal volatile fatty acid absorptions were 442.8,192.1, 53.8 
Introduction
Acidosis has recieved much attention in ruminant research and its pathogenesis has been summarized (Dunlop, 1972; Huber, 1976; Counotte and Prins, 1979) . Current feeding practices attempt to avoid these conditions by gradually increasing the amount of dietary concentrate fed. Animals exhibit reduced appetite and performance associated with mild digestive disturbances caused by high concentrate feeding, a situation classified as subacute acidosis. Tremere et al. (1968) reported that animals adapting to high concentrate diets were most likely to go off feed when the diet contained 70 to 75% concentrate. Byers and Gooda11 (1979) reported that, during stepwise adaptation to high concentrate diets, rates of ruminal lactate utilization plateaued as the dietary concentrate increased from 55 to 80% and proposed this as the reason animals reduce feed intakes or encounter digestive disturbances when fed these concentrate levels. Huntington and Britton (1978) measured increasing rates of tureen lactylytic activity with increasing concentrate levels up to 90% concentrate. These authors found no differences in rates of rumen metabolism of lactate isomers. 560 JOURNAL OF ANIMAL SCIENCE, Vol. 60, No. 2, 1985 Recent investigations into the role of Dlactate in digestive disturbances (Harmon et al., 1983 (Harmon et al., , 1984 estimated the potential of beef cattle to metabolize D-lactate. Huntington et al. (1980) suggested a minor role for D-lactate in acid-base imbalance and that perhaps total acid absorption was more important. The objectives of this research reported herein were to measure acid absorption and acid-base status in steers during acute (glucose-induced) and subacute acidosis to understand better the absorption and utilization of lactate in animals experiencing varying degrees of acid-base disturbance.
Materials and Methods
Five crossbred steers (347 kg) were surgically fitted with permanent rumen fistulae and allowed to recover for 7 to 10 d. Animals were anesthetized with halothane and teflon catheters s (1.27 mm id, 2.29 mm od) were inserted into the abdominal aorta and hepatic portal . The abdominal aorta was reached via the caudal branch of the iliac artery (Olsen et al., 1967) for three animals and the femoral artery for two animals (Yelverton et al., 1969) . Mesenteric venous catheters (Tygon tubing 1.27 mm id, 2.29 mm od treated with TDMAC-Heparin --7% 6) were inserted after locating a section of the small intestine through an incision in the omentum. All catheters were exteriorized near the spine, fitted with Luerlock hubs, capped with twoSChemfluor Standard Wall Spaghetti Tubing Awg. 16, Cope Plastics, Topeka, KS.
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way stopcocks and secured with tape and hip tag cement. Patency was maintained up to 6 mo by filling weekly with a flush solution (100 U/ml Heparin, .95% NaC1, 1% benzyl alcohol, .5% procaine penicillin G:Dihydrostreptomyocin). Animals were maintained on alfalfa hay (IFN 1-00-071) for all periods other than the experiment and were given 2 wk recovery after surgery before an experiment. Each experimental sampling period involved two animals that were housed indoors (24 C) under constant lighting with water available ad libitum. Animals receiving both treatments were limit-fed alfalfa (15 g/kg body weight) for 3 d before the experiment. On the day of collection, each was then fed a 70% concentrate diet (table 1) ad libitum (subacute acidosis) or dosed intraruminally with a glucose solution (acute acidosis). The glucose solution consisted of glucose (12 g/kg body weight) dissolved in approximately 8 liters of water, which was poured into the rumen and mixed by hand. Sampling was then continued every 2 h for the next 48 h. Following the sampling period the animals that had received the 70% concentrate diet were fed alfalfa for 1 wk, after which they received the glucose treatment and a new animal received the 70% concentrate diet. Five animals provided four observations/treatment with three animals receiving both treatments and two receiving either glucose or the 70% concentrate diet, thereby avoiding reusing animals that had received the glucose treatment. Three of four animals receiving the glucose treatment received 150 g of polyethylene glycol (PEG; MW 4,000) to mark fluid flow.
Blood flow rates were estimated (Katz and Bergmann, 1969) by infusing a 10% solution of para-aminohippuric acid (PAH; pH 7.4) in saline. A 15-ml priming dose of PAH, followed by continuous infusion (.8 ml/min), was infused into the mesenteric vein catheter through a .2-/am filter for a minimum of 20 min before sampling. Constant arterial concentrations of PAH were generally achieved after 15 min of infusion.
Samples of arterial and portal blood (40 ml) were drawn simultaneously into heparized syringes, placed into tubes containing 60 mg NaF and mixed. Samples of arterial blood for pH and pCO2 analyses were drawn into a heparinized syringe, capped and analyzed immediately 7. Rumen fluid was sampled using the suction strainer technique (Raun and Burroughs, 1962) , with the strainer weighted and the suction tubing passing out through the cannula cap.
Whole blood was deproteinized immediately after collection by addition of 1/10 volume 6 N HC104, mixed and centrifuged at 30,000 • g for 15 min. The supernatant fluid was pipetted off, made alkaline with 6 N KOH and centrifuged at 30,000 x g for 15 min to remove precipitated KC1Oa. The supernatant fluid was then stored frozen (-20C) until analysis. Rumen fluid for lactate analysis was prepared similarly. Rumen fluid for volatile fatty acid (VFA) analysis was prepared as described by Erwin et al. (1961) .
Analyses included PEG in whole rumen fluid (Ulyatt, 1964) , D-lactate (Brandt et al., 1980) , L-lactate (Gutmann and Wahlefeld, 1974) , glucose via glucose oxidase (Dahlquist, 1964) and PAH (Harvey and Brothers, 1962) , without dialysis. Rumen fluid and blood were analyzed for VFA concentration by gas chromatography s using 10% SP1200/1% H3PO 4 on 80/100 W A W Chromsorb 9 column at 110 and 125 C for blood and rumen samples, respectively. Inlet and detector were maintained at 200 and 250 C, respectively, with carrier gas (N2) at 20 ml/min and saturated with formic acid to prevent ghosting for blood samples (Pileire, 1978) . Blood samples were prepared by pipet7Corning Model 161, Blood Gas Analyzer. Corning Scientific Instr., Medfield, MA.
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ting 2.4 ml of alkaline, deproteinized, whole blood into a 20-ml glass vial with 1.3 mol of 2-ethyl butyrate. The sample was then lyophilized and reconstituted in 2 ml of 10% metaphosphoric acid. Data were analyzed as a split-plot in time using the General Linear Model of Statistical Analysis Systems (SAS, 1979) . Independent variables were replication, treatment and the replication x treatment interaction as the error term for treatment. The subplot consisted of time and the time • treatment interaction. Time effects were then partitioned into linear, quadratic and cubic effects and their interaction with treatment.
Results
Dry matter intakes of the 70% concentrate diets averaged 13.62 + 1.38 kg (mean + SE) during the first 24 h, followed by 1.55 + .97 kg for 24 to 48 h. Rumen pH declined to 4.2 by 18 h (figure 1) in animals dosed with glucose (G), whereas animals receiving the 70% concentrate diets (C) experienced a mild decline to pH 5.8. Blood pH and bicarbonate responses (figure 1) indicated a mild systemic acid-base imbalance for G animals with lowest values from 12 to 26 h, the period when rumen pH was lowest, followed by a return to levels comparable with C animals as rumen pH increased. Rumen D-and Lqactate concentrations were greater (P<.001) in animals receiving G (table 2) "-e--e--\ ~e.. __~-e-.
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Reports have indicated that the ratio of L-lactate:D-lactate (L:D) present in the rumen varies with substrate (Prins and Lankhorst, 1976) and time of sampling (Giesecke et al., i976), as was the case in the present study in which the ratio of L:D ranged from 3.6 to 1.4 in G animals. The shift in L:D ratio rates was largely due to a decline in the rumen concentration of L-lactate (figure 2). Estimates of the in vitro utilization of L-and D-lactate by rumen microbiota (Ogimoto and Giesecke, 1974; Byers and Goodall, 1979; Huntington and Britton, 1979) have reported no isomeric differences in rates of lactate disappearance, indicating that absorption, passage or changes in the rates of production would be responsible for the changing L:D ratio. The rate of net portal absorption of L-lactate (table 2) was much greater than that of D-lactate, but the metabolic contribution of gut tissues is impossible to separate in the present study from that truly absorbed from the gut. If lactate absorption occurs strictly via diffusion (Williams and MacKenzie, 1965) , then the increased rumen concentrations of L-lactate observed in the present study coupled with the higher blood levels of D-lactate would provide a greater concentration gradient for Lqactate absorption. Comparisons of absorption of D-and Lqactate from intestinal loops (Dunlop, 1972 ) have revealed similar rates of absorption for both isomers. A contributing factor to the decreasing rumen Lqactate would be the greater capacity of rumen epithelium to metabolize L-than Dqactate as concentrations are increased (Prins et al., 1974) . Coupled with the differences in Dand L-lactate metabolism, rumen epithelium incubated with Lqactate (Jones et al., 1969) consumed increasing amounts of oxygen as the pH was decreased from 7.4 to 5.8, suggesting enhanced utilization as the pH declined. Similar studies have not been conducted with Dqactate, but Preston and Noller (1973) Net portal glucose absorption (figure 8) exhibited quadratic time effects (P<.O1) with G animals showing an early peak in glucose absorption (2 to 12 h), whereas animals consuming C maintained consistently positive rates of absorption from 8 to 30 h. If we estimate the amount of starch in the corn at 72% (WaJdo, 1973) , then the animals only absorbed 3.6% of their starch intake as glucose during the period from 8 to 30 h. Otchere et al. (1974) reported that 3.6 and 5.2% of the total glucose intake was passed to the lower tract in steers fed a diet containing 64% flaked corn at 3.3 and 6 kg/d, respectively. Waldo (1973) summarized available data and determined that flaked corn would be 94% degraded in the rumen whereas ground corn was only 74% degraded. Thus, one may expect more starch to be passed to the lower tract than was observed by Otchere et al. (1974) due to the use of ground corn and the higher intakes for C animals. The estimate of 3.6% of dietary starch absorbed as glucose appears reasonable because these values represent the net difference between that passed to the lower tract and the amount metabolized during absorption. Certainly gut utilization would require large amounts of glucose, as is indicated by the overall negative mean for net portal glucose absorption for C animals in this and other studies (Huntington et al., 1981) . Little net glucose absorption, as a percentage of that ingested, would be expected on diets such as C.
Analysis of PEG (figure 9) for G animals revealed that fluid flow was very rapid from 2 to 8 h, but virtually ceased from 14 to 30 h, the period coinciding with the lowest rumen pH, suggesting decreased rumen motility as has been reported in acidotic sheep (Juhasz and Szegedi, 1968) . Examination of In PEG values from 30 to 48 h revealed a return to normal fluid flow and rumen motility [k = -.076 h -1 (r 2 = .98)] as rumen pH increased.
Discussion
A comparison of the mean rates of lactate absorption (table 2) indicated that despite higher rumen levels for Lqactate, absorption increased only 70% whereas Dqactate absorption increased sixfold, indicative of the fluctuations seen in the blood levels of L-and D-lactate (figures 2 and 3, respectively). Comparing the differences in absorption of L-and D-lactate with data on their metabolism (Harmon et al., 1984; Prins et al., 1974) , the ruminants ability to metabolize low levels of D-lactate at rates similar to L-lactate is not surprising because the gut would consistently produce low levels of D-lactate independent of high rumen levels (figure 10; Huntington et al., 1981) , whereas 12 to 13% of the L-lactate turnover is produced by the gut on diets where rumen lactate levels would be low (Weekes and Webster, 1975; Huntington et al., 1980) . From 12 to 26 h, blood levels of D-lactate increased steadily and the absorption of D-lactate averaged 150 mmol/h. Estimates of the metabolism of D-lactate range from .1 mmol-h -l-kg -t body weight (Harmon et al., 1983b) to .2 mmol'h -1 9 kg -1 body weight (Dunlop, 1972) the present study. From 26 to 48 h, absorption averaged 49 mmol/h and blood D-lactate levels declined steadily, indicating a total elimination of greater than 49 mmol/h. Harmon et al. (1983) demonstrated that most of this elimination Of D-lactate in cattle was via oxidation (greater than 97% of the D-lactate turnover) and very little (less than 4% of the total radioactivity) was excreted in the urine. Huntington et al. (1981) reported net portal absorption rates of D-lactate in cattle of 16.7 mmol/h independent of any increased blood concentrations.
Animals dosed intraruminally with glucose responded with very dramatic changes in the rates of D-and L-lactate absorption. The large relative increase in the absorption of D-lactate resulted in increased blood levels with concentrations approaching 5 mM without severe acid-base disturbances. Animals fed the 70% concentrate had large increases in net portal absorption of VFA without any ruminal or systemic base disturbances, and demonstrated a large capacity for gut Lqactate production under these conditions.
